Introduction {#S1}
============

According to World Health Organization (WHO) report, every year in sub-Saharan Africa, more than one million babies die in the first month of life. In 2012, a mortality rate of 48 per 1000 children less than 5 years of age was recorded worldwide. At the same time, 26 million stillbirths were recorded worldwide, of which 98% occurred in low and middle income countries, especially in sub-Saharan Africa ([@B1]--[@B3]). Many countries in Africa are striving hard to reduce child mortality in an effort to reach the Millennium Development Goal (MDG) number 4, which is to reduce under-five mortality by two-thirds between 1990 and 2015. In addition, it is also estimated that each year in Africa, 30 million women become pregnant, and 18 million give birth at home without skilled care. In 2012 alone, 300,000 women died, and another 289,000 died the following year due to pregnancy-related causes. In the same year, 6.6 million deaths in children less than 5 years of age were recorded, of which 2.9 million deaths occurred during the first 28 days of life as neonates ([@B1], [@B3], [@B4]). There is more evidence showing increasing risk for preventable challenges. WHO has highlighted this challenge by reporting that tetanus, a preventable illness in pregnancy, kills an estimated 70,000 newborns in Africa every year. This is about 6% of all neonatal deaths each year. Additionally, in Africa, at least 25 million pregnancies are threatened by malaria each year, which results in an estimated 2--15% of maternal anemia. These infections of the placenta result in anemia in the mother and contribute to low birth weight (LBW) and preterm births, which lead to higher infant morbidity and mortality and impaired development of the child. Furthermore, it is estimated that at least 50% of women with acute syphilis suffer adverse pregnancy outcomes ([@B1], [@B5]--[@B9]).

Globally, progress has been made in terms of increasing access and use of antenatal care (ANC) as a means for improved pregnancy outcomes. ANC consists of a routine number of scheduled visits aiming at screening and detection of conditions likely to increase adverse effects during pregnancy to ensure healthy outcomes for women and newborn; provide therapeutic interventions and timely treatment of possible complications in pregnancy; and educate pregnant women about planning for safe birth, emergencies during pregnancy, and how to deal with these ([@B10]). Through the focused antenatal care (FANC) approach, WHO recommends four ANC visits in low-risk pregnancies, with the first visit in the first trimester, ideally before 12 weeks, but no later than 16 weeks, and the second, third, and fourth visits at 24--28, 32, and 36 weeks, respectively ([@B11]). The proportion of pregnant women who book in the first trimester and obtain the recommended minimum number of four visits is still too low. The first consultation is often made late in pregnancy, whereas maximum benefit requires early initiation of ANC within the first trimester ([@B12]--[@B16]).

Antenatal care is one important component of maternal health services for a healthy pregnancy. In order to help reduce the burden of maternal and new-born mortality, in 2001, WHO issued guidance on a new model of ANC called goal-oriented or FANC for implementation in developing countries. FANC increases the quality of ANC by ensuring that women receive four visits and all the evidence-based interventions that are critical for the well-being of both the child and the mother during and after pregnancy. One of the interventions is the vaccination of first-time pregnant women with the recommended two doses of tetanus toxoid (TT2+). Management and control of syphilis/STIs in pregnant women through universal antenatal screening and treatment is another intervention under FANC. Other interventions include management of preeclampsia, intermittent preventive treatment for malaria in pregnancy (IPTp), and providing insecticide-treated bed nets (ITNs). Additionally, the prevention of mother-to-child transmission of HIV (PMTCT) as well as birth and emergency preparedness at home demand for care all in an effort to reduce both maternal and neonatal mortality ([@B5]--[@B7], [@B17], [@B18]).

In this new strategy of FANC, WHO recommends four ANC visits in low-risk pregnancies and prescribes the evidence-based content for each visit ([@B1], [@B5], [@B10], [@B17]--[@B19]). It also constitutes screening for health and socioeconomic conditions likely to increase the possibility of specific adverse pregnancy outcomes, providing therapeutic interventions known to be effective, and educating pregnant women about planning for safe birth, emergencies during pregnancy, and how to deal with them ([@B1], [@B10], [@B19]). Therefore, pregnant women generally are expected to attend an average of four antenatal visits during pregnancy, and they are supposed to schedule their first prenatal appointment as soon as they think they are pregnant. Prenatal tests can provide valuable information about the baby's health. Doctors might offer ultrasound, blood tests, or other screening tests to detect fetal abnormalities, which if not corrected may lead to complications later.

However, many of the pregnant women do not attend ANC in the first trimester. This means that many pregnant women fail to book for the recommended four ANC visits and are not benefiting from the services offered during this period. Many of them end up with complications leading to high maternal and infant mortality rates. In an effort to determine the factors contributing to underutilization of ANC services by pregnant women, intrapersonal, institutional, and health systems as well as social demographic factors have been identified to be associated with poor ANC attendance ([@B14], [@B20]--[@B23]). In addition, there is also strong evidence suggesting that parity, gravidity, knowledge about ANC, intention to get pregnant, and substance use as well as social services and cultural beliefs are some of the factors likely to be associated with late booking and utilization of prenatal care services ([@B13], [@B16]). From the foregoing, there are many sociocultural factors that may be associated with late ANC booking. One of these factors likely to be critical in health promotional activities is educational attainment. Yet, studies focused on examining if education is associated with poor ANC attendance have remained limited. In this study, we aimed to find out if educational attainment is associated with ANC utilization, given the potential impact educational attainment could have on maternal and child survival.

Methodology {#S2}
===========

The 2007 ZDHS Design {#S2-1}
--------------------

The 2007 Zambia Demographic and Health Survey (ZDHS), a nationally representative survey of 7146 women aged 15--49 years and 6500 men aged 15--59 years. The ZDHS used a two-stage stratified sampling. Clusters were selected with probability proportional to size at first stage, and equal probability systematic sampling was applied at second stage. Details of the ZDHS methodology are recorded in the reports ([@B24], [@B25]).

ANC Attendance Design {#S2-2}
---------------------

The ANC attendance study was based on data that stem from the 2007 ZDHS Women's Questionnaire. Women who reported having ever been pregnant and ever attended ANC defined the sampling frame for the study (*n* = 7146). From the 7146 women aged 15--49 years who were captured in the survey, 4099 pregnant women who reported attending ANC in the ZDHS ([@B24]) comprised the *de facto* eligible sample. Among the records of the *de facto* eligible sample, the information recorded and extracted included the women's demographic characteristics, their full birth history, and history of ANC for the most recent birth within a 5-year period preceding the survey, including socioeconomic status and educational attainment.

Statistical Analysis {#S2-3}
--------------------

Both descriptive and inferential statistics were used to examine if educational attainment was associated with ANC attendance. In the first step, univariate analysis (initially by cross tabulations by Pearson's chi-squared test) and later multiple logistic regression, incorporating survey weights, were performed to examine if educational attainment is associated with ANC attendance and also to control for any confounding or interaction. A *p* value of \<0.05 was taken as significant with 95% confidence intervals. The distribution of age as a continuous variable conformed to normality, as assessed by probability plots. Interactions were looked for using the likelihood ratio test, and when identified, they were only reported if considered important in estimating the influence of the background factors. Model diagnostics were done using the Hosmer--Lemeshow goodness-of-fit. The variables in the multivariate logistic regression model were age (grouped and continuous), residence (urban or rural), education, marital status, wealth index, distance to facility, financial constraints, decision-making, intention of pregnancy, timing of first ANC booking, partner age, and educational level as well as maternal and delivery information.

Ethics {#S2-4}
------

The ZDHS survey obtained ethical approval from the Tropical Diseases Research Centre (TDRC) in Ndola, Zambia and the US Centers for Disease Control and Prevention (CDC) Atlanta research ethics review board ([@B24]). Participation in the survey was based on informed and voluntary consent. The reanalysis of the data reported in this study did not infringe on participants' privacy and was judged by ourselves to pose minimal to no risk, since these data were already anonymized, approved, and made available for public use. In addition to the above ethical measures, we sought a waiver from Excellency in Research Ethics and Science (ERES) Committee that granted us permission to conduct the study on factors influencing maternal and neonatal mortality based on the 2007 ZDHS (Ref. no. 2014-May-023).

Results {#S3}
=======

Participation and Distribution {#S3-1}
------------------------------

Overall, of the eligible women who reported using ANC 5 years prior to the survey thus being eligible for the survey (*n* = 4099), the mean age in years was 28 (±7.1), and median age was 27 (IQR = 10). The majority of the participants, 1813 (46%) were in the age range 25--34 years, followed by 1004 (26%) in the age range 20--24 years. The proportion of teenagers aged 15--19 years was only 9% were (351/4099). Distribution by residence showed that 63% were rural women, and 37% were urban. The majority of the women in the study (83%) were married, while only 9% reported not married, see Table [1](#T1){ref-type="table"}. Non-participation (not attending ANC at all) was estimated to be less than 5%, given ANC coverage in Zambia estimated by enumerating women who attend ANC at least once is taken to be more than 95%.

###### 

**Basic characteristics of childbearing women attending antenatal clinics in Zambia ([@B24])**.

  Characteristic          Frequency                               Percent (%)
  ----------------------- --------------------------------------- -------------
  **Age (years)**                                                 
  15--19                  351                                     8.9
  20--24                  1004                                    25.6
  25--34                  1813                                    46.1
  35+                     762                                     19.4
  Total                   3930                                    100
  **Employment status**                                           
  Not working             1963                                    50.2
  Working                 1946                                    49.8
  Total                   3909                                    100
  **Marital status**                                              
  Not married             333                                     8.7
  Married                 3181                                    82.9
  Living together         20                                      0.5
  Divorced/widowed        305                                     7.9
  Total                   3839                                    100
  **Residence**                                                   
  Rural                   2510                                    63.8
  Urban                   1420                                    36.2
  Total                   3930                                    100
  **Wealth index**                                                
  Poor                    1671                                    42.7
  Middle                  797                                     20.4
  Rich                    1447                                    37
  Total                   3916[^a^](#tfn1){ref-type="table-fn"}   100

*^a^The total sample size reduced (from *n* = 4099 to 3916), because some variables had missing value and were excluded in the analysis and also non-participation due to skip patterns on some questions*.

Education Attainment {#S3-2}
--------------------

The proportion of women who attended at least four ANC visits was 60% (1590 out of 2509), contrasting the 40% that did not attend less than four ANC visits. Of the total number of women in the study, the majority 64% were in the rural, while 36% were in the urban settlement of the country, see Table [1](#T1){ref-type="table"}.

Educational attainment differed significantly between rural and urban groups, the latter having higher educated participants. The pooled mean urban--rural difference was 3.97 (95% CI 3.85--4.09) school years. Many of the participants (61%) reported primary education as their highest level of education attained, while 12% had no education. This was the case irrespective of whether one attended less than four ANC visits or not.

Interestingly, partner education was among the factors associated with the attendance of the recommended number of ANC by pregnant women. Women with partners with higher education level were two times more likely to attend four visits than those whose partners had no education (OR 2.0, 95% CI 1.3--3.14; *p* \< 0.002). This likelihood was more prominent in urban areas, where women attend optimal frequency of ANC.

Other Determinants {#S3-3}
------------------

Table [2](#T2){ref-type="table"} shows additional factors that were associated with ANC attendance. For those who attended less than four ANC visits, about 48% had intended to get pregnant, while 31% did not. This was significantly differing with the group who attended at least four visits (56%) having intentions to get pregnant (*p* \< 0.0001). Timing of the first ANC visit was also another predictor variable associated with attending recommended ANC visits. For the women who attended less than four visits, only 6% reported having booked their first ANC visit in the first trimester, compared to 26% among those who attended at least four ANC visits. For those who had their first booking in the second trimester, there was no difference in both the groups. About 19% of those who had less than four ANC visits reported having their first booking in the third trimester, compared to 1% of those who had at least four ANC visits. This difference was statistically significant, as shown by an extremely strong association of *p* value (*p* \< 0.0001).

###### 

**Description of background factors associated with ANC attendance of at least four visits during pregnancy in Zambia -- results of Pearson's chi-squared test ([@B24])**.

  Less than four ANC             At least four ANC                  
  ------------------------------ ------------------- -------------- ----------
  **Age**                                                           0.0028
  15--19                         152 (10.3)          179 (7.3)      
  20--24                         397 (27.0)          587 (24.1)     
  25--34                         646 (43.8)          1164 (47.7)    
  35+                            279 (18.9)          512 (20.9)     
  Total                          1474 (100.0)        2442 (100.0)   
  **Education**                                                     0.0011
  No education                   199 (13.5)          289 (11.9)     
  Primary                        915 (62.1)          1479 (60.6)    
  Secondary                      338 (22.9)          577 (23.6)     
  Higher                         22 (1.5)            98 (4.0)       
  Total                          1474 (100.0)        2442 (100.0)   
  **Parity**                                                        0.9844
  1                              284 (19.3)          465 (19.1)     
  2 and 3                        480 (32.6)          793 (32.5)     
  4+                             709 (48.2)          1183 (48.5)    
  Total                          1474 (100.0)        2442 (100.0)   
  **Intention of pregnancy\***                                      \<0.0001
  Then                           702 (47.6)          1368 (56.0)    
  later                          454 (30.8)          629 (25.7)     
  No more                        318 (21.6)          445 (18.2)     
  Total                          1474 (100.0)        2442 (100.0)   
  **Partner education**                                             0.0029
  No education                   108 (8.5)           152 (6.8)      
  Primary                        677 (50.6)          1052 (46.9)    
  Secondary                      488 (36.5)          847 (37.7)     
  Higher                         66 (4.9)            194 (8.6)      
  Total                          1338 (100.0)        2245 (100.0)   
  **Partner age**                                                   0.0067
  15--24                         115 (9.5)           124 (6.2)      
  25--34                         524 (43.3)          901 (45.2)     
  35+                            571 (47.2)          967 (48.6)     
  Total                          1210 (100.0)        1992 (100.0)   
  **First ANC visit**                                               \<0.0001
  First trimester                83 (5.6)            678 (27.8)     
  Second trimester               1111 (75.4)         1737 (71.1)    
  Third trimester                280 (19.0)          26 (1.1)       
  Total                          1474 (100.0)        2442 (100.0)   
  **Distance\***                                                    0.0983
  A big problem                  709 (48.1)          1076 (44.1)    
  Not a problem                  765 (51.9)          1366 (55.9)    
  Total                          1474 (100.0)        2442 (100.0)   

*\*Intention of pregnancy then meant pregnancy was planned and wanted then. Later meant a pregnancy was planned for a later time in future, and no more meant never wanted anymore children and pregnancy was a mistake. Distance being a big problem meant woman had to cover very long distance from home to access ANC services, and not a big problem meant otherwise*.

The women whose partners had attained higher education level were two times more likely to attend four visits than those whose partners had no education (OR 2.0, 95% CI 1.3--3.14; *p* \< 0.002). Women in the later stages of their pregnancy tended to be less likely to attend ANC after the initial booking (second trimester, OR 0.19, 95% CI 0.15--0.25; *p* \< 0.0001; third trimester, OR 0.01, 95% CI 0.007--0.02; *p* \< 0.0001).

Furthermore, we also observed that the higher the age of the woman, the more likely the woman would attend the recommended number of ANC visits. Women in the age-group 35 and above were 1.7 times more likely to attend at least four ANC visits compared to the age-group 15--19 years. This is shown in Table [3](#T3){ref-type="table"}.

###### 

**Key predictors of ANC attendance for at least four visits during pregnancy in Zambia -- results of multivariate logistic regression ([@B24])**.

  Characteristic               OR     95% CI          *p* value      AOR^a^   95% CI           *p* value
  ---------------------------- ------ --------------- -------------- -------- ---------------- --------------
  **Age**                                                                                      
  15--19                       1                                     1                         
  20--24                       1.26   (0.96--1.66)    0.096          1.1      (0.81--1.48)     0.321
  25--34                       1.54   (1.18--2.00)    **0.001**      1.3      (1.00--1.79)     0.067
  35+                          1.56   (1.17--2.09)    **0.003**      1.7      (1.14--2.21)     **0.006**
  **Education**                                                                                
  No education                 1                                     1                         
  Primary                      1.11   (0.89--1.39)    0.359          1.3      (0.98--1.58)     0.076
  Secondary                    1.17   (0.90--1.53)    0.234          1.4      (1.04--1.92)     **0.017**
  Higher                       3.04   (1.68--5.53)    \<**0.0001**   2.8      (1.51--5.15)     **0.001**
  **First ANC visit**                                                                          
  First trimester              1                                     1                         
  Second trimester             0.19   (0.15--0.25)    \<**0.0001**   0.2      (0.15--0.26)     \<**0.0001**
  Third trimester              0.01   (0.007--0.02)   \<**0.0001**   0.01     (0.007--0.020)   \<**0.0001**
  **Intention of pregnancy**                                                                   
  Then                         1                                     1                         
  Later                        0.71   (0.60--0.85)    \<**0.0001**   0.8      (0.67--0.98)     **0.027**
  No more                      0.72   (0.59--0.88)    **0.0001**     0.9      (0.68--1.06)     0.158
  **Residence**                                                                                
  Rural                        1                                     1                         
  Urban                        1.1    (0.98--1.32)    0.258          1.3      (1.05--1.52)     **0.015**
  **Distance**                                                                                 
  A big problem                1                                                               
  Not a problem                1.18   (1.02--1.37)    **0.027**                                
  **Working**                                                                                  
  No                           1                                                               
  Yes                          1.18   (1.01--1.38)    **0.037**                                
  **Marital status**                                                                           
  Not married                  1                                                               
  Married                      0.94   (0.34--2.63)    0.907                                    
  Divorced                     1.46   (0.87--2.43)    0.152                                    
  Widowed                      1.38   (0.92--2.07)    0.123                                    
  Not living together          1.14   (0.65--1.98)    0.651                                    
  **Parity**                                                                                   
  1                            1                                                               
  2 and 3                      1.01   (0.82--1.25)    0.944                                    
  4+                           1.02   (0.84--1.24)    0.868                                    
  **Partner age**                                                                              
  15--24                       1                                                               
  25--34                       1.59   (1.21--2.11)    **0.001**                                
  35+                          1.57   (1.16--2.13)    **0.003**                                

*^a^The multivariate logistic regression model adjusted for all other variables*.

*Bold text indicates the p values that were \<0.05*.

Discussion {#S4}
==========

We found evidence suggesting that higher education level of the woman was a very significant and important factor in determining optimal ANC utilization. Furthermore, we observed that differential inequalities, in women with higher education level who attained optimal ANC frequency, were most prominent in urban and older women than rural and young women, respectively. This finding suggests that educated women most likely have adequate knowledge on ANC services and understand the importance of early booking for ANC as well as attending the recommended four visits. Thus, they tend to value ANC services and will take advantage of this compared to women with lower education. However, these educational attainment-associated differentials observed in this population may also suggest that access to health care is still driven by inequity-related dynamics and imbalances with the poor and predominantly rural uneducated groups experiencing limited access. The role of education and access to health services for HIV prevention and malaria control have been reported before in this population ([@B5], [@B12], [@B26]--[@B29]).

Similarly, the significance of the woman's education in determining optimal ANC attendance has been documented in other regions ([@B9], [@B14], [@B16]--[@B18], [@B22], [@B30]--[@B32]). However, in Pakistan, one study showed that education did not show any association with the utilization of ANC services ([@B33]). Additionally, there is clear evidence that the higher educational level of the partner of the woman has a positive effect on the attendance of ANC in some places. Similarly, in this study, we established the positive effect educational level of the partner has on attendance of ANC ([@B30], [@B33]). This study has also observed that young women, especially teenagers, tend to initiate their first booking late. This is possibly because of lack of knowledge on the importance of early attendance of ANC, attendance of the recommended number of visits as well as experience with pregnancy and childbirth. Similar results have been observed in other studies in the region ([@B15], [@B22]). Studies have also shown evidence that women who have unintended pregnancies tend to underutilize ANC services. We have convincing evidence in this study indicating that women who had no intentions of getting pregnant booked for their first ANC late ([@B12], [@B34], [@B35]). These findings confirm the assumption that educational attainment has a bearing on the attendance of recommended ANC among pregnant women.

It is possible that selection biases, such as non-participation by not attending ANC as well as absence during the ZDHS survey, could have affected our estimates. However, the magnitude and direction of this effect can only be assessed to some extent like any other similar studies employing such designs. The non-participation, due to refusal to take part in this survey, is almost zero and thus not considered to be any factor at all. Absence was the most significant cause of non-participation, particularly in those that never attended ANC. We think that the ANC coverage could be used as sentinel of magnitude of that selection bias representing those who were absent. However, first, we note that over 95% of women in Zambia attend ANC at least once. This suggests that the number of self-reported pregnant women who do not usually attend ANC is very minimal. It is for this reason that we believe that the effect of this non-participation bias was very minimal and not important in explaining our findings. The challenge women face in Zambia is attending the recommended four or more ANC visits, and this was the focus of this study. Second, we are aware that the nature of the association found in this analysis might be due to uncontrolled confounding, which could result from other different forms of non-participation bias, such as those from misclassification of "missing values." However, for all the variables where the information was available or easy to compute, we addressed this at analysis by looking for interaction, and when there was any indication of it, controlled for it. However, it is worth noting that although we are confident we have made critical analytical steps as outlined, we may not guarantee that we have adequately dealt with confounding. In addition, this, coupled with the fact that the measurements of some of the key variables included in this analysis were relatively crude, suggests a need for a further and detailed exploration of potential barriers to care. This is so because some of these barriers may not have been collected and measured, given that the data may not have been specifically collected and measured with this study in mind. This is the case in most secondary analysis-based studies. Therefore, there still exist critical limitations in these observed findings arising from the fact that associations may be partly due to unmeasured, inadequately measured, or unknown confounders. Further study with a more critical and wider assessment of the scope of variables included and of the quality of measurement of these variables is still needed. In view of all these considerations, we still argue that although these biases may exist, we are convinced that they may not be important in explaining our findings, as we believe that their size was small, and effect limited and minimal, given the observation that ANC coverage, which is a basis for high power in the study, is very high in this population.

Therefore, we are confident of making correct interpretations, and thus recommend program managers and policy makers in the service, or line ministries concerned with mother and child health, to utilize them and help to better repackage and strengthen access and availability of ANC services especially for rural women. Furthermore, results could also be useful to program implementers in promoting maternal health education in an effort to reach the low-educated women and strengthen the existing involvement of community health workers and safe motherhood action groups to increase awareness among rural women on the benefits of attending optimal ANC, as observed in other studies ([@B29], [@B36], [@B37]). Furthermore, more qualitative research may be required to explore the associated challenges and seek to understand why some pregnant women do not attend ANC, despite availability of services.

Conclusion {#S5}
==========

In this study, we have demonstrated that ANC attendance is still limited and below acceptable levels. In this population, higher educated urban groups were more likely to meet the required levels of ANC attendance. This conversely suggests that the poor rural and low-educated women are missing out on the benefits of adequate ANC attendance, thereby raising questions of inequity in accessing health care in ANC. Thus, there is an urgent need to examine how this problem could be resolved by increasing access to ANC services and direct interventional efforts toward these women through peer strategies in the communities. This, in the end, could help reduce both maternal and neonatal mortality in Zambia.
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